Deteriorating effect on bone metabolism and microstructure by passive cigarette smoking through dual actions on osteoblast and osteoclast.
There is no clear evidence to show the direct causal relationship between passive cigarette smoking and osteoporosis. Furthermore, the underlying mechanism is unknown. The objective of this study is to demonstrate the effects of long-term passive cigarette smoking on bone metabolism and microstructure by a mouse model and cell culture systems. BALB/c mice were exposed to 2 or 4 % cigarette smoke for 14 weeks. The bone turnover biochemical markers in urine and serum and also the bone micro-architecture by micro-CT were compared with the control group exposed to normal ambient air. In the cell culture experiments, mouse MC3T3-E1 and RAW264.7 cell lines to be employed as osteoblast and osteoclast, respectively, were treated with the sera obtained from 4 % smoking or control mice. Their actions on cell viability, differentiation, and function on these bone cells were assessed. The urinary mineral and deoxypyridinoline (DPD) levels, and also the serum alkaline phosphatase activity, were significantly higher in the 4 % smoking group when compared with the control group, indicating an elevated bone metabolism after cigarette smoking. In addition, femoral osteopenic condition was observed in the 4 % smoking group, as shown by the decrease of relative bone volume and trabecular thickness. In isolated cell studies, osteoblast differentiation and bone formation were inhibited while osteoclast differentiation was increased. The current mouse smoking model and the isolated cell studies demonstrate that passive cigarette smoke could induce osteopenia by exerting a direct detrimental effect on bone cells differentiation and further on bone remodeling process.